To evaluate the results of penetrating keratoplasty (PK) due to trauma-related corneal scarring.
Corneal repair with penetrating keratoplasty (PK) may be performed immediately after perforation or electively at a later date following the primary repair. [5] A direct PK treatment of the perforation has a high risk of complications, such as synechia, glaucoma, uveitis, and graft reject. [6] PPV in the first week is recommended for the development of proliferative vitreoretinopathy in the cases of ocular trauma accompanied by retinal detachment. [7] Thus, in our study, PK and retinal surgery were performed within an average of 1 week.
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INTRODUCTION
Trauma to the eyes is one of the most common causes of vision loss. It is frequently seen among the young, active working individuals aged 20-35 years. [1] The prognostic factors for good visual acuity in open-eye injuries include the initial visual acuity, globe rupture, endophthalmitis, accompanying afferent pupillary defect, type of trauma, localization of the wound site, and retinal detachment. [2, 3] Other factors might also be pars plana vitrectomy (PPV), comorbid aphakia, and severe iris defect. [4] In this study, patients treated with only PK for a trauma-related corneal penetrating scar in an open globe injury and those who underwent retina surgery together with PK were evaluated. All the patients were investigated in terms of visual acuity, graft transparency, and postoperative complications.
MATERIALS AND METHODS
The study was conducted in accordance with the ethical principles of the Helsinki Declaration after the approval from the ethics committee of a training and research hospital.
This retrospective study included 24 eyes of 24 patients who underwent PK for a trauma related corneal scar between May 2012 and June 2016. All patients underwent PK at an average of 12.03±1.13 weeks after the primary repair of corneal penetration. Ocular Trauma Classification was used to classify ocular trauma. [2] We used the ocular trauma score for all patients, [2] which was calculated as the raw points based on the initial best corrected visual acuity (no light perception = 60 raw points, hand motion perception = 70 raw points, 1/200 to 19/200 = 80 raw points, 20/200 to 20/50 = 90 raw points, and ≥20/40 = 100 raw points) and other injury-related factors, including globe rupture = minus 23 raw points; endophthalmitis = minus 17 raw points; perforating injury = minus 14 raw points; retinal detachment = minus 11 raw points; and afferent papillary defect = minus 10 raw points. The total score was measured as 1.3±0.21 in group 1 and 2.34±1.24 in group 2.
The patients were divided into two groups. In group 1 (n=14 eyes), the patients had retinal detachment with a corneal scar and hence combined PK, 20-gauge PPV, and intravitreal silicone injection were applied with temporary keratoprosthesis (TKP). Endodiathermy and endolaser were applied where necessary. Group 2 (n=10 eyes) had only traumatic corneal scarring and thus PK was applied in those patients' eyes.
Grafts larger than 0.25 mm were used during PK. The donor cornea was sutured in an interrupted manner using 10/0 nylon sutures. In cases where PK was applied with TKP, the cornea was removed with trepanation and then TKP was inserted into the sclera using 6/0 vicryl sutures through six holes on the keratoprosthesis. After application of 20-gauge PPV, the silicone was given, and the full-thickness donor cornea was sutured in an interrupted manner using 10/0 monofilament nylon sutures.
Visual acuity was assessed according to the Snellen chart. The intraocular pressure was measured using applanation tonometry. B-scan ultrasonography was performed in the eyes where the posterior pole could not be assessed for various reasons.
Graft transparency was defined as central graft transparency that did not decrease visual acuity.
Patients with previous systemic diseases, such as diabetes or hypertension, and eye diseases, such as retinal problems, amblyopia, or glaucoma, were excluded from the study.
All data were analyzed using the Statistical Package for Social Sciences (SPSS™ Inc., Chicago, IL, USA) 15.0 program for Windows. Continuous variables were expressed as mean ± standard deviation. The data of the visual acuity and graft transparency rates of the two groups were assessed using the Wilcoxon test.
RESULTS
Group 1 included five females and nine males with an average age of 39.15±13.32 (min 8-max 73) years. The mean follow-up period was 22.11±15.25 (13-47) months. Wound locations were zone 1 in 6 eyes, zone 2 in 6 eyes, and zone 3 in 2 eyes. An intraocular foreign body was extracted from five eyes. An Ahmed valve was applied to one eye with glaucoma and all-angle synechia. All the foreign bodies were removed via the sclerotomy for PPV using a three-leg foreign body forceps. The sclerotomy entry was expanded during foreign body removal in three eyes. In the eyes of patient in group 1, pars plana lensectomy was performed during vitrectomy as the cataract lens and/or lens had dropped into the vitreous. In our study, all eyes in group 1 were given silicone tamponade; six eyes (42.8%) had silicone retained for persistent hypotony, and two eyes (14.2%) were given silicone again for retinal re-attachment. Group 2 included two females and eight males with an average age of 29.23±12.03 (11-63) years. The mean follow-up period was 18.11±10.32 (13-31) months. The wound location was zone 1 in 8 eyes and zone 2 in 2 eyes. In two eyes during the keratoplasty, the cataract lenses were removed during the surgery and replaced with an intraocular foldable lens. In one eye, the lens had developed cataract due to the use of steroids after PK. The lens was removed using the corneal tunneling phacoemulsification method and was replaced with an intraocular foldable lens. Postoperative complications are shown in Table 1 . Table 2 presents the compared data regarding the visual acuities according to the Snellen chart of the patients in both groups at the first and twelfth months postoperatively and the patients with preserved graft transparency.
At the preoperative period, the mean visual acuity was 3.01±0.013 logMAR in group 1 and 2.98±0.68 in group 2.
At the postoperative first month, the visual acuities were 1.36±0.23 and 0.58±0.22 logMAR in groups 1 and 2, respectively. One year after removal of the all keratoplasty sutures, the last visual acuities were 1.18±0.03 and 0.50±0.17 logMAR, in groups 1 and 2, respectively. Statistically significant differences were determined between the two groups with respect to visual acuity before operation, at 1 and 12 months after operation, and at 12 months for graft transparency rates (p=0.015, p=0.021, p=0.001, respectively).
DISCUSSION
Ocular trauma involving the anterior segment reduces the visual acuity due to corneal scarring and high astigmatism.
The visual acuity in such cases can be improved with hard contact lenses, but keratoplasty is an appropriate method when the usage of lens not possible. [8] In case of serious injuries, ocular trauma affects not only the anterior segment but also the posterior segment. In ocular trauma, the cornea has been reported to be penetrated in 50% of cases. [9] In severe ocular trauma, both anterior segment and the posterior segment are involved. The probability of retinal and choroidal damage is increased in zone 3 and larger wound length open globe injury. Such cases require retinal surgery in addition to keratoplasty. Retinal surgery alone may be performed if the opacity due to the corneal penetrating scar in the anterior segment is small and does not block vision dur-ing vitrectomy. However, when corneal opacity is extensive and corneal edema and vascularity are present, it prevents vision for retinal re-attachment, thorough cleaning of the vitreous base, and removal of the intraocular foreign body during vitrectomy. In these cases, PK and PPV may need to be combined. The first TKP was applied in 1981 by Landers et al. [10] The modified third generation wide-field TKP is made from polymethyl methacrylate and is available in different diameters of 6.2 mm, 7.2 mm, or 8.2 mm. Suturing provides a stable state, while the convex anterior surface allows detailed imaging of the entire retina including the peripheral retina. [11, 12] Despite retinal re-attachment rates of 43%-92%, graft transparency of 15-75% has been reported in previous studies owing to the size of the initial trauma in retinal surgery with TKP. [7, [13] [14] [15] [16] Postoperative insufficient visual acuity has been most commonly associated with graft failure, PVR, and secondary glaucoma, and the final visual acuity has been reported to be low. [16] In the current study, 12 of 14 eyes (85.7%) with anterior and posterior segment trauma showed a re-attached retina; 9 (64.2%) eyes had graft rejection and the visual acuity was 0.015±0.023.
Silicone oil can be retained in the trauma-affected eyes as persistent hypotony is often seen. It may lead to graft failure due to insufficient aqueous flow and silicone oil touching the graft endothelium. [17] Chen et al. [18] observed 74 eyes subjected to a PPV + TKP + PK combined procedure; 46 eyes (62.2%) had persistent hypotony, and ten eyes (13.5%) were enucleated due to atrophia bulbi. In the present study, 6 eyes (42.8%) were detected with persistent hypotony and two eyes (14.2%) lost light sensation after surgery due to atrophia bulbi for group 1.
In a previous study, complications, such as postoperative glaucoma, have been reported in patients who underwent PK after trauma. [19] In the current study, postoperative glaucoma was seen in eight eyes in group 1 and in one eye in group 2. The glaucoma was controlled by medical treatment.
Retinal necrosis or massive proliferative vitreoretinopathy with closed funnel and hemorrhage are noted in severe retinal trauma. [16] Silicone tamponade can be left in the eye for a long period to prevent PVR formation and retinal re-detachment, but it can cause corneal graft decompensation. [20] Silicone keratopathy is one of the most common complications after silicone oil is applied during retinal surgery, and this develops at the rates of 11%-100%. [21] [22] [23] Silicone keratopathy develops through the decompensatory effect of silicone on the corneal endothelium. In the current study, silicone keratopathy developed in three of the 14 eyes (21.4%) and band keratopathy developed in one eye (7.14%) treated with silicone.
The rate of endophthalmitis is between 0.9%-17% in open globe injuries. [24] [25] [26] In our study, no endophthalmitis was reported, but one patient (7.1%) developed keratitis in group 1, and the cornea healed with a scar after the treatment.
There are two limitations of PK performed by retinal surgeons. First, no matter how successful the keratoplasty, the visual acuity is limited due to retinal damage. Secondly, silicone oil frequently used in retina surgeries causes graft failure in the postoperative period. A follow-up of keratoplasty cases with retinal surgery is very important. Patients should be evaluated in detail regarding the complications that may develop after the operation. The visual prognosis is low, and graft rejection and failure rates are high. Therefore, caution should be exercised when deciding upon the surgery, and the patient should be informed in detail.
Our study included eyes that had severe ocular trauma and underwent retinal surgery with TKP. The evaluation of complications that may occur in the postoperative period in such serious trauma increases the value of the current study.
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